OBJECTIVE The treatment of patients with spinal stenosis and concurrent degenerative spondylolisthesis is controversial. Two large randomized controlled clinical trials reported contradictory results. The authors hypothesized that a substantial number of patients will show evidence of micro-instability after a sole decompression procedure. METHODS This study was a retrospective analysis of all cases of lumbar spinal stenosis treated at the Frankfurt University Clinic (Universitätsklinik Frankfurt) from 2010 through 2013. Patients who had associated spondylolisthesis underwent upright MRI studies in flexion and extension for identification of subtle signs of micro-instability. Clinical outcome was assessed by means of SF-36 bodily pain (BP) and physical functioning (PF) scales. RESULTS A total of 21 patients were recruited to undergo upright MRI studies. The mean duration of follow-up was 65 months (SD 16 months). Of these 21 patients, 10 (47%) showed signs of micro-instability as defined by movement of > 4 mm on flexion/extension MRI. Comparison of mean SF-36 BP and PF scores in the group of patients who showed microinstability versus those who did not showed no statistically significant difference on either scale. CONCLUSIONS There seems to be a substantial subset of patients who develop morphological micro-instability after sole decompression procedures but do not experience any clinically significant effect of the instability.
T he treatment of spinal stenosis and degenerative spondylolisthesis is controversial. Two large randomized clinical trials reported contradictory results. 10, 11 Recent registry clinical outcome data could not prove superiority of upfront fusion. 4 It is obvious that the complex spinal anatomy and clinical history of each patient mandates individual decision making. The fusion procedure can address not only the stenosis but also the sagittal balance, and improved balance can lead to better outcome. 23 On the other hand the convergence of several demographic trends, including financial pressures and an aging population with increased comorbidities, have motivated surgeons to attempt to improve patient outcomes, decrease costs, and minimize surgical trauma 2 by performing less invasive surgical techniques such as a minimally invasive sole decompression. 1 None of the studies that were performed after the publication of the Swedish randomized trial 10 could explain the good results of the decompression-only procedure compared to the fusion procedure, although superiority of the fusion procedure was found in previous studies by Herkowitz and Weinstein. 9, 13, 22 The speculation that the Swedish patients were treated less aggressively with tension-band sparing techniques is false, since 80% were treated with a laminectomy.
At our institution we have generally treated patients with degenerative spondylolisthesis via a sole decompressive procedure because we did not feel that the benefit of the fusion procedure that was reported in the SPORTs trial 22 and the Herkowitz studies 9,13 justified the additional operative morbidity. 6 Nevertheless, it is possible that many patients could develop micro-instability 7 and be on the way to clinically significant instability but not yet have obvious symptoms of instability. 18, 19 Previous analysis of radiographic data showed a slip progression rate in 5 years of only 8% in flexion/extension radiographs. 5 We hypothesized that the actual rate was much higher and that radiographs represent a rather crude method to detect this. Thus we conducted a retrospective analysis of cases involving patients treated from 2010 through 2013 and conducted upright MRI studies in flexion and extension to identify subtle signs of instability and long-term changes. Patient also were clinically assessed at the time of the MRI via SF-36.
Methods
Institutional review board approval was obtained by the regional university board committee (Ethikkommission der Universitätsklinik Frankfurt).
Patient Selection
We conducted a retrospective analysis of cases of lumbar spinal stenosis treated at our institution from 2010 through 2013. All patients who underwent decompressive lumbar surgery without instrumentation in the form of a unilateral laminotomy and those with degenerative lumbar olisthesis of Meyerding grade I were included in our study. Patients who had an instrumentation procedure upfront were excluded.
Patients were contacted and asked if they were willing to have an upright MRI performed at our partner center for upright MRI studies.
Instability was defined as movement of the vertebral body of more than 2 mm in flexion and extension MRI as seen in the midline of the sagittal T2-weighted image. The index level and 2 levels above the index level were evaluated for movement.
Clinical follow-up was assessed at the time of the MRI. Clinical outcome was assessed via the SF-36 bodily pain (BP) and physical function (PF) scales since Pearson et al. reported using these measures to analyze the data of the SPORTS trial.
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MRI Examination
The examination was performed in a Fonar Upright MRI with the following patient positions and MRI sequences: sitting in neutral position-sagittal T2-weighted, axial T2-weighted, and coronal 3D-gradient echo; sitting in flexion position-sagittal T2-weighted, axial T2-weighted; and standing in extension position-sagittal T2-weighted, axial T2-weighted. Due to technical reasons the extension position was not assessed in the sitting position.
Results
Patient selection is depicted in Fig. 1 . No patient received an upfront fusion procedure during the study period. A total of 39 patients were eligible for the study. Three patients died during the follow-up period (8%). We were able to contact all 36 of the remaining patients. Two patients declined to respond. Five (14%) had received a second fusion surgery. Eight patients (22%) were not able to get to the MRI facility and were questioned via telephone.
We thus could recruit 21 patients to undergo upright MRI studies. Basic patient demographic data are shown in Table 1 . The mean duration of follow-up was 65 months (SD 16 months).
All 21 of these patients (100%) described their clinical status as better than before the surgery.
Overall (including non-scanned patients), the mean SF-36 BP score was 48 (SD 11) and the mean SF-36 PF Score was 50 (SD 8). The mean SF-36 BP and PF scores for the scanned patients were 48 (SD 10) and 49 (SD 7), respectively.
Signs of Micro-Instability
Of the 21 patients who underwent upright MRI examinations, 10 (47%) showed signs of instability (Fig. 2) . Eleven patients did not show slippage of the vertebral body at the treated level. The mean follow-up for the group that showed microinstability was 64 months (SD 17 months) and that for those who did not show any instability was 66 months (SD 17 months).
In the patients who showed micro-instability, the mean SF-36 BP and PF scores were 46 (SD 9) and 49 (SD 8), respectively, while the corresponding scores for those who did not show any instability were 51 (SD 12) and 51 (SD 7). The difference was not statistically significant (BP: p = 0.33; PF: p = 0.44; t-test).
None of the levels above the index surgery level showed any slippage in flexion and extension.
The overall mean disc height at the treated level (for all 21 scanned patients) was 8.2 mm (SD 1.8) . The mean disc height was the same for the patients who showed microinstability and those who did not (8.2 mm), but the standard deviation differed-2.6 mm in the group that showed micro-instability and 1.6 mm in the group that did not.
None of the imaging studies showed any adjacent-segment degeneration.
Fused Cohort
The 5 patients who underwent fusion were symptomatic with instability-related back-pain within a year after the index surgery. When we contacted them, the vertebrae were already fused and thus none of them were eligible for the upright imaging analysis. Nonetheless, we reviewed their preoperative images and included the findings in a separate analysis to see if we could find predictors of instability. The mean preoperative disc height at the index level in these 5 patients was 8.1 (SD 1.8); comparison to the mean value for the 21 patients who did not undergo fusion procedures showed no statistically significant difference (p = 0.38). The mean SF-36 BP score was 45 (SD 9) and the mean SF-36 PF score was 48 (SD 9); again, neither was significantly different from the corresponding values in the nonfused cohort.
Discussion
This is the first study to utilize upright MRI studies in flexion and extension in patients who had previously undergone decompressive surgery for degenerative olisthesis. Since the publication of the 2 landmark studies on degenerative spondylolisthesis, 10, 12 it is unclear why the Swedish study (Försth et al.) 10 did not reveal the superiority of the fusion procedure, despite previous evidence, 9,13 while recent evidence suggests at least equality as measured by various important outcome parameters such as Oswestry Disability Index scores and opioid dependence rates. 4, 26 Regional, cultural, and socioeconomic biases against fusion as well as differences in surgical technique and experience have been speculated as reasons for the equal performance of the fusion group in the Swedish study. 28 Furthermore, the Swedish study included patients with stable as well as unstable vertebrae, with instability defined as slippage of more than 4 mm in flexion/extension radiographs, and did not differentiate between the 2 groups. 10, 27 Our overall mean SF-36 PF score of 48 is approximately equal to that of the fusion group of the SLIP trial (45). 12 Thus our clinical outcome seems to be in the normal range that can be expected in these patient population.
Our re-operation rate of 14% is exactly the same as in the fusion group of the SLIP trial. All of our repeat surgeries were done to address instability. In the SLIP trial the reoperation rate was 34% in the decompression-alone group and all the surgeries were done to address instability. The follow-up times are comparable and it is unlikely that more patients will have surgeries for instability.
Our main finding is that a high number of patients develop micro-instability without any effect on clinical outcome. This might partially explain the findings in the Swedish trial.
As of this writing, Försth et al. have not provided the report on the radiographic data as announced in their article. We found that 47% of our patients developed an unstable slip after a mean follow-up of 65 months. A similar prospective study that relied on radiographs saw only a 8% progression rate of the slip. 5 Our higher rate may be due to our more sensitive imaging modality. 14, 20, 21 Thus there seems to be a subset of patients who develop morphological instability lacking clinical relevancy.
In contrast to previously published studies, 3, 16 our analysis did not show any correlation between disc height and instability. We speculate that the small number of patients in our study or the different assessment tool (MRI vs radiography) may explain this finding. Furthermore we did not see any adjacent-segment degeneration, which is frequently seen even after motion-preserving instrumented procedures. 17 The analysis to find any preoperative predictors of instability did not show that disc height could be predictive. Although our findings are extremely limited by the size of our group, they corroborate the findings of Schär et al. 25 The limitations of our study are obvious (small number, retrospective nature, selection bias related to patients' ability to get to the study facility).
The imaging modality that we used might also uncover findings due to its higher sensitivity. Indeed, the definition that we used for instability could be too sensitive, and we cannot prove that this movement did not exist already before the surgery. But, we reviewed the MR images again, looking for such movement at any other vertebral level, and we did not see it in any other segment in any of the 21 patients. This movement therefore can at least be described as abnormal, if not pathologic.
Our findings add an important contribution to the literature in that we have shown that there are patients who have a type of abnormal movement at the index level but are clinically satisfied. Furthermore, we show that microinstability-which was previously only speculated to develop in a high percentage of patients after sole-decompression procedures-actually exists. 7, 18, 19 Both findings add important considerations to the question of whether the practice of recommending a fusion surgery as the upfront procedure in a patient with degenerative spondylolisthesis is justified. 8, 15, 24 Two questions arise from this study: 1) Do patients who do not show gross instability on conventional imaging studies necessarily need fusion procedures? 2) How many patients would have such instability on images obtained with upright MRI before the surgery? We hope to address these questions in the future.
